We developed an optimal noninvasive index comprising routine laboratory parameters for predicting cirrhosis in chronic hepatitis B (CHB) and chronic hepatitis C (CHC) patients. This study included 992 CHB patients and 1,284 CHC patients who received liver biopsy. We developed the new index, named 
In this study, we developed an optimal noninvasive index comprising routine laboratory parameters for predicting cirrhosis in chronic viral hepatitis and compared the diagnostic performance levels for different liver fibrosis stages between the new index and previously published indices.
Results
Study population and liver histological characteristics. This study included 992 CHB patients and 1,284 CHC patients who received liver biopsy, and their laboratory data within 7 days before biopsy were extracted. The median age of these CHB and CHC patients was 45 and 54 years, respectively. According to the meta-analysis virus hepatitis histological scoring system (METAVIR), 8, 280, 321, 134 , and 249 CHB patients exhibited the fibrosis stages of F0, F1, F2, F3, and F4, respectively, and 2, 368, 493, 213, and 208 CHC patients respectively exhibited these stages. The baseline characteristics and laboratory data of patients are shown in Table 1 . Among patients with liver cirrhosis (F4), those with CHB were significantly younger and predominantly male and had significantly lower AST and ALT levels, higher creatinine levels, and higher platelet counts than those with CHC (p < 0.0001, Supplementary Table S1).
New noninvasive index for liver cirrhosis.
Based on the analysis of this cohort of CHB and CHC patients, five variables, namely age, AST, ALT, international normalised ratio (INR), and platelet count, were significantly associated with cirrhosis in the univariable logistic regression analysis (p < 0.001, Supplementary  Table S2 ). INR exhibited a much higher weight of odds ratio because of its small absolute value (Supplementary  Table S2 ). It was therefore not selected as a parameter in the multivariable model. Examination of the regression formula revealed that age, AST, ALT, and platelet count had a similar weight, with corresponding odds ratios of approximately 1.0 for both CHB and CHC patients (Table 2) . Therefore, we constructed a new model for predicting cirrhosis and named this new index as modified FIB-4 (mFIB-4), because these two indices comprise the same parameters with a similar mathematical relationship.
The diagnostic performance levels of the multivariable logistic regression model comprising age, ASL, ALT, and platelet count and the derived mFIB-4 index for cirrhosis were 0.8486 (95% confidence interval (CI): 0.8208-0.8765) and 0.8508 (95% CI: 0.8244-0.8773) for CHB and 0.8765 (95% CI: 0.8510-0.9021) and 0.8813 (95% CI: 0.8577-0.9049) for CHC, respectively (Table 3) . INR included in the multivariable logistic regression model or its derived FibroQ index exhibited similar diagnostic performance for cirrhosis compared with that of the mFIB-4 index (Table 3) . Moreover, INR may not be a routine laboratory test in daily practice. For these three reasons, we propose to adopt mFIB-4 as an inexpensive routine index for predicting liver cirrhosis in CHB and CHC.
Values of noninvasive indices and their correlations with fibrosis stages.
The median values of the various noninvasive indices for each liver fibrosis stage are shown in Table 4 . Fibrosis indices, including AAR, AARPRI, APRI, FIB-4, AP index, Lok index, FibroQ, and mFIB-4, exhibited positive linear correlations (p < 0.0001) with the METAVIR fibrosis stages in CHB and CHC patients. Only the platelet count exhibited a negative linear correlation (p < 0.0001) with the METAVIR fibrosis stage (Table 4) .
Variables Median (IQR) or n (%) CHB (n = 992) CHC (n = 1,284) (Table 5 ). In CHB patients, the sensitivities of these indices were between 43% and 79.9%, and their specificities were between 48.4% and 93.8%. In CHC patients, the sensitivities of these indices were between 40.9% and 82.2%, and their specificities were between 56.2% and 92.2% (Table 5) . Table S3 ). For CHB, FibroQ, Lok index, and AARPRI exhibited the highest diagnostic performance levels compared with those of other indices. For CHC, FIB-4, Lok index, and FibroQ exhibited the highest diagnostic performance levels compared with those of other indices (Supplementary Table S3 ).
Comparison of diagnostic performance levels of noninvasive indices for advanced fibrosis (F0-F2 versus F3-F4).

Comparison of diagnostic performance levels of noninvasive indices for significant fibrosis (F0-F1 versus F2-F4).
We used AUROC to analyse the noninvasive indices for predicting significant fibrosis Table S4 ). For CHB, FibroQ, Lok index, and mFIB-4 exhibited the highest diagnostic performance levels compared with those of other indices. For CHC, FIB-4, AP index, and APRI exhibited the highest diagnostic performance levels compared with those of other indices (Supplementary Table S4 ).
Discussion
The identification of CHB and CHC patients with liver cirrhosis through liver biopsy is essential for clinical decisions such as whether to implement endoscopic screening for varices and determining the surveillance frequency 27 . However, a recent meta-analysis involving 39 studies that detected HBV-related liver fibrosis revealed that the summary AUROC values of APRI and FIB-4 were 0.73 and 0.81 for advanced fibrosis and 0.73 and 0.84 for cirrhosis, respectively. It was concluded that APRI and FIB-4 exhibit only moderate sensitivity and accuracy for identifying liver fibrosis in CHB patients 22 . Our comparative study demonstrated that FibroQ, mFIB-4, and AARPRI exhibited the highest diagnostic performance levels (bootstrap AUROCs >0.80) for predicting HBV-related cirrhosis, and that both FibroQ and mFIB-4 exhibited significantly higher performance levels than those of FIB-4 and APRI (Table 5) .
Several studies have indicated that APRI and FIB-4 exhibit high reliability for predicting liver fibrosis in CHC 24, 25, [28] [29] [30] . In a large US cohort of HCV-infected patients, FIB-4 exhibited significantly higher diagnostic accuracy than APRI for differentiating severe fibrosis (stages F3-F4) from mild-to-moderate fibrosis (stages F0-F2) (AUROC: 0.83 versus 0.80) and for predicting cirrhosis (AUROC: 0.8598 versus 0.8148) 29 . FIB-4 exhibited high diagnostic accuracy and utility for assessing different fibrosis stages in Asian patients with hepatitis C (AUROC: 0.833-0.871) 24 . Nonetheless, the Lok index had the highest AUROC (0.847) for predicting liver cirrhosis (F4). We observed that FibroQ, mFIB-4, Lok index, and AARPRI exhibited high diagnostic performance levels for predicting HCV-related liver cirrhosis (bootstrap AUROCs >0.84), and that both FibroQ and mFIB-4 exhibited significantly higher performance levels than those of FIB-4 and APRI (Table 5) .
The AST/ALT ratio has been shown to be associated with the severity of fibrosis in patients with liver diseases of different aetiologies 13, 31 . An AST/ALT ratio of ≥1.0 strongly suggests the presence of cirrhosis 32 . The platelet count has also been shown to be correlated with the degree of portal hypertension and advanced fibrosis 14, 33 . Indices incorporating both AST/ALT and platelet count, such as FibroQ, mFIB-4, Lok index, AARPRI, and FIB-4, exhibited high diagnostic performance levels in both CHB and CHC. Furthermore, the AUROCs were similar and relatively stable among patients with serum ALT <1×, 1-2×, and ≥2× upper limit of normal (ULN) in both CHB and CHC (Supplementary Table S5 ). This finding suggests that the diagnostic performance levels are not apparently affected by the magnitude of hepatitis activity, as reflected by serum ALT levels. Because patients with chronic viral hepatitis, particularly CHB, tend to have fluctuating serum ALT levels over the disease course, an index that has stable performance across ALT ranges is preferred over those sensitive to ALT levels, such as APRI (Supplementary Table S5 ). Notably, the mFIB-4 index exhibited significantly higher performance levels than those of the FIB-4 index in both CHB and CHC. According to our statistical analysis, AST and ALT had a similar weight, with both parameters having odds ratios of approximately 1.0 in the logistic regression model. We thus decided to modify the formula of the FIB-4 index and utilise the ALT value in the denominator rather than its square root. This minor modification of the formula balances the effect of ALT relative to that of AST and considerably improves its diagnostic performance. Although FibroQ, mFIB-4, Lok index, and AARPRI exhibited high diagnostic performance levels for cirrhosis, the AUROCs of these indices were generally numerically higher in CHC patients than in CHB patients. Differences in the pathology between CHB and CHC might be responsible for the different performance levels. The underlying mechanism remains to be elucidated. Finally, despite the fact that FibroQ and AARPRI exhibited similar performance levels to those of mFIB-4, the original derivation of these two indices was not based on the logistic regression formula and therefore suffers statistical weakness. We acknowledge several limitations in our study. First, not all patients with CHB or CHC received percutaneous liver biopsy, because of their concern about possible complications or procedure-related contraindications, such as ascites, coagulopathy, or bleeding tendency, particularly for patients with decompensated liver disease 34, 35 . It may not be representative of the full spectrum of patients with chronic viral hepatitis. Second, our patients were enrolled from a single referral centre; thus, selection bias may occur. Third, even liver biopsy has the inherent issues of sampling variability and intraobserver divergence in the histological interpretation [36] [37] [38] . Finally, although the bootstrap method was undertaken for internal validation 39 , a more rigorous validation with an independent external cohort is still needed to confirm the role of the mFIB-4 index in predicting liver fibrosis in patients with chronic viral hepatitis.
In conclusion, our study demonstrated that compared with other indices, FibroQ and mFIB-4 are the two optimal diagnostic methods for predicting cirrhosis in Asian patients with CHB and CHC. Compared with mFIB-4, FibroQ and mFIB-4 exhibited similar diagnostic performance levels despite the additional inclusion of INR in the formulation of FibroQ. Thus, we propose that mFIB-4 is a simple, inexpensive, and readily available method to assess liver cirrhosis and it enables the timely implementation of surveillance programs for varices and hepatocellular carcinoma. Whether mFIB-4 can be used to monitor long-term dynamic changes in fibrosis as a result of treatment effects or disease progression remains to be studied. Noninvasive indices for liver fibrosis and cirrhosis. Various previously published noninvasive indices, including platelet count, AAR, APRI, AARPRI, FIB-4, Pohl score, AP index, FibroQ, and Lok index, were analysed to predict liver fibrosis and cirrhosis. These indices were calculated using the following formulas: Statistical analyses. Statistical analyses were performed using SAS Version 9.4 (SAS Institute, Inc., Cary, NC, USA). Continuous variables are summarised as the median (interquartile range). Comparisons of continuous variables between two groups were conducted using the Mann-Whitney U test. Categorical variables were analysed using the chi-square test or Fisher's exact test, as appropriate. The sensitivity, specificity, and AUROC of the noninvasive indices were obtained and compared using the ROC curve to differentiate cirrhosis (F4) or advanced fibrosis (F3) from the other fibrosis stages (for example: F0-F3 versus F4; F0-F2 versus F3-F4; F0-F1 versus F2-F4). We used the DeLong test to compare the AUROCs of two noninvasive indices. The cut-off values of the noninvasive indices were those that maximised the sum of sensitivity and specificity values (Youden Index) for the pathological diagnosis of different fibrosis stages. A p value less than 0.05 was considered significant. A multiple logistic regression model was used to estimate the adjusted coefficients and odds ratios for the predictors of cirrhosis. We used the independent factors of the logistic regression model and the proportions of their corresponding odds ratios to formulate the model according to the principle of parsimony 41 . For internal validation of the model, we used bootstrapping with 1,000 replications to evaluate its AUROCs 39 . Bootstrapping is one type of resampling technique which relies on random sampling with replacement to evaluate the distribution properties of the samples and estimate the parameters derived from empirical bootstrap distribution indirectly 39 . The advantage of the bootstrap method is its convenience and efficiency to estimate the parameters of interest in developed empirical bootstrap distribution models and validate them in the original sample. This procedure has to be repeated, usually at least 200 times for the optimal stability of the results.
